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SUMMARY

An aerodynamic analysis system based on potential theory at subsonic/
supersonic speeds and impact type finite element solutions at hypersonic
conditions is described. Three-dimensional configurations having multiple
non-planar surfaces of arbitrary planform and bodies of non-circular contour
may be analyzed. Static, rotary, and control longitudinal and lateral-
directional characteristics may be generated.

The analysis has been implemented on a time sharing system in
conjunction with an input tablet digitizer and an interactive graphics
input/output display and editing terminal to maximize its responsiveness to
the preliminary analysis problem. Computation times on an IBM 3081 are
typically less than one minute of CPU/Mach number at subsonic,' supersonic or
hypersonic speeds. Computation times on PRIME 850 or a VAX 11/785 are about
fifteen times longer than on the IBM. The program provides an efficient
analysis for systematically performing various aerodynamic configuration
tradeoff and evaluation studies.
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SECTION 1
INTRODUCTION

A subsonic-supersonic-hypersonic aerodynamic analysis code was
developed by integrating an inhouse version (called Unified Distributed

1
Panel or UDP) of the Woodward (subsonic-supersonic) panel program and an

2
inhouse enhanced version of the Hypersonic Arbitrary Body Program (HABP).

This analysis system is called the Aerodynamic Preliminary Analysis
3

System (APAS), which has contained within it an interactive portion which
allows the user to setup and preview geometry and analysis models before
commitment to analysis. The UDP module was extended to include non-linear
vortex forces using a generalization of the Polhamus analogy. The resulting
interactive system develops appropriate aerodynamics models from a single
input geometry data base and has a run/output format similar to a wind
tunnel test program. A description of the pertinent theory is presented in
Part I. »

The user’s manual has been organized to sequentially cover the
principal system activities of a typical application. That is, geometric
input/editing, aerodynamic evaluation, and post analysis review/display.
Sample sessions are provided for each to illustrate the specific tasks
involved. This text is followed by a comprehensive command/subcommand
dictionary that is used to operate the system.

It is recommended that new users exercise the sample cases or their
equivalents.  Speed should not be a consideration initially. Obtaining
desired simulations often requires repeating steps several times. Like any
tool, practice is required. Since the system provides several alternative
ways to process a job, the user is encouraged to experiment in order to
determine which paths best suit his needs.

A well trained analyst can evaluate a configuration in one working day.
Since most of the aerodynamic analysis is performed in background, three
sessions are typically required. The first is associated with geometry
input and checkout, the second with run schedule setup, and the third with
display of results and preparation of additional runs if necessary.



SECTION 2

SYSTEM OVERVIEW

APAS II is the fourth evolution of a system which began with an
interrogative response approach and evolved into a command oriented system
in order to reduce user response demand. Although not as easy to learn as
the former its productivity is far superior. In addition, it has the
ability to operate over a wide range of sophistication by accessing fewer or
more options on a particular problem.

The system structure is presented on figure 2-1. The program flow is
from left to right. In general, the procedure is a fairly straight forward
pattern of input, storage, preview, analysis, and review. System activity
and command/subcommand or procedure relationships are summarized on figure
2-2. Input manipulation, and verification of geometry (squares one through
four) are described in section 3. The interactive analysis and run set up
for background evaluation (square .five) are detailed in section 4. Display
of aerodynamic results (square six) are described in section 5. Utility
commands (square seven) are provided to maintain geometry file
identification and set or modify various system defaults. Alternative
program link-ups (square eight) assist the user in creating data files for
other programs or users. The use of some of these procedures are described
in Appendix E. All key words in this square are available only upon EXITing
from APAS. Entering any of these keyword names invokes a procedure which
performs the intended function - which in this case is to create interface
data for other programs. APASOUT converts an APAS binary geometry file to
card image, which among other uses can be helpful in writing interfaces with
other systems. APASIN converts an APASOUT card image data set to a binary
geometry file which can be used directly in APAS. These latter two codes

5
are useful for shipping data between users at different locations. PATRANG,

6 7

MBYU, and COLOR are helpful in processing output data (shaded model views,
isobars, isotherms, etc). PATRANG is available by lease only. MBYU can be
purchased for about $1000. COLOR is similar in function to PATRANG and
MBYU. However, it is a Rockwell proprietary code and is not available for
general distribution. A detailed system command/subcommand dictionary is
presented in section 6 and can be referred to directly by the experienced
analyst.

APAS II is coded in FORTRAN-77 and has been implemented on IBM 3081,
PRIME and VAX machines. The system contains three separate programs: the
interactive input/output program, the subsonic-supersonic analysis program
(UDP), and the hypersonic analysis program '(HABP).

The interactive program uses Tektronix PLOT10 software for graphics
display and a 4014 model Tektronix graphics terminal with a large tablet.
Enhanced graphics is recommended over smaller less equipped scopes and any
Tektronix graphics terminal starting with models 4014 and up may be used
productively. The data transmission rate to the interactive terminal should
be at least 1200 BAUD (120 characters per second) and preferably at 9600
BAUD for efficient use of the man-in-the-loop with machine process.
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Figure 2-1. APAS II Organization.
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Figure 2-2. System Activity and Command/Procedure Relationships.
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SECTION 3

GEOMETRY

Geometric simulation and input procedures are described. Supporting
interactive display and editing activities are defined. Two work sessions
of increasing complexity are provided to illustrate these system tasks for
the beginning user.

A multiple body/surface component description was adopted for air
vehicle definition. This approach facilitates arrangement studies, regional
modification or replacement and the evaluation of component contributions
and interactions. In addition, aerodynamic analysis sensitivities may be
established by variation of component force algorithms where pertinent.

Geometric input is by one of five ways; generate simple geometric shapes via
keyboard input while using the TERMINAL command, digitize geometric shapes
from a three-view drawing using a graphics tablet, pen, and the DIGIT
command, read in (via the CARD command) a data file previously constructed
according to the format of appendix A, using the APASIN procedure - create a
binary geometry file from a card image data set of an existing geometry file
(which is provided by the APASOUT procedure), and taking data from a data

8 9

base manager (such as GEOMOD , or Rockwell’s IDAS, etc) for which an
interface has been written with APAS. Storage format is independent of "the
input method. A vehicle can, therefore, be composed of components defined
in a variety of ways without incurring problems with geometric compatibility
provided a common system of units is used.

The typical procedure is to input a particular component, display and
edit it as necessary, and then catalogue it in the permanent file. The task
is repeated for each vehicle component.

Activity concerned with user controlled geometric/aerodynamic model
interfaces is subsequently initiated. Typical tasks involve linking of sub
assemblies to form a vehicle body component and definition of surface-flap-
shell paneling. The remaining aerodynamic model definitions are developed
under automatic directive.

A common geometric data base is used to develop the subsonic-supersonic
and hypersonic aerodynamic models. It can be reused since it is not altered
during analysis model definition.

User configuration of the system is initiated by reviewing the display,
edit, units, and file title defaults and changing the directives as desired.
The ATTRIBUTE and TITLE commands of section 6 are used for this purpose and
provide the following prompts.



PRESENT USER DEFAULTS:

ENTER:

menu,

**QK**
-+ attribute

FILE

OPERAND FOR

ANGLE OPERAND FOR

UNIT
VIEW
LINE
VIEW

"CR" -

OPTION FOR
OPERAND FOR
TYPE OPTION
OPERAND FOR

AUV~ W=
]

-+ <CR>

——r

>

*XQK**
title

SEVERAL COMMANDS---->: PERMANENT

DISPLAY COMMAND----- >: YAW=90.00 PITCH=0.0 ROLL=90.00
DISPLAY COMMAND----- >: METERS

DISPLAY COMMAND----- >: THREE VIEW

FOR DISPLAY COMMAND->: STICK

EDIT/LIST SUBCOMMAND>: FULL DISPLAY

NO CHANGE

- FILE OPERAND

- ANGLE OPERAND FOR DISPLAY COMMAND

- UNIT OPTION FOR UNITS COMMAND
VIEW OPERAND FOR DISPLAY COMMAND

- LINE TYPE OPTION FOR DISPLAY COMMAND
- VIEW OPERAND FOR EDIT/LIST SUBCOMMAND

PRESENT TITLE IS: APAS SAMPLE SESSION GEOMETRY FILE
ENTER: NEW TITLE OR "CR"

<CR>
*RQK**

Interrogation of the various ATTRIBUTE options provide the following

1ENTER: 1 - PERM,
2

ENTER ANGLES:

3

ENTER: 1 -
4ENT‘ER: 1 -
5ENTER: 1 -

6

ENTER: O - FULL

2 - LOCAL, OR 3 - COMP

YAW, PITCH, ROLL

METERS, 2 - INCHES, OR 3 - CENTIMETERS

ORTHOGRAPHIC OR 2 - THREE VIEW

HIDDEN PANEL OR 2 - STICK FIGURE

DISPLAY, 1 - SUPPRESS PRINT, OR 2 - SUPPRESS DISPLAY



COMPONENTS

A component in APAS is defined as an object which can be spatially
defined using a set of similar concatenated cross-sections. Geometric and
analysis components are used. The former approximates a portion of the
physical vehicle. Analysis components are simulations of geometric
components or specialized constructions. Examples are slendéer bodies and
interference shells respectively.

A cross-section of a component is, in general, an ordered set of points
which, when connected, will form a closed area either by nature of the
points themselves or by the symmetric and reflection properties of the
component illustrated in table 1. The component symmetry/reflection codes
are assigned during digitizing and can be changed by using the
EDIT/PARAMETER subcommand.

Numerically-similar points on each cross-section are connected. Point
one of section one 1is connected to point one on section two and so,
providing a simple and convenient three-dimensional component construction.

There are five basic components used in APAS. They are bodies,
surfaces, slender bodies, interference shells, and field points. A
description of each follows.

GEOMETRIC

Bodies (Types 1 and 2)

A body refers to a geometry construction whose primary function is to
provide containment volume in a configuration. The fuselage (or major
pieces thereof), nacelles, auxiliary fuel tanks, and engine pods are body
components. Type 1 bodies are aircraft centerline components. The SLENDER
command is the only command in APAS which makes use of the distinction
between type 1 and 2 bodies.

Surfaces (Types 3 and 4

A surface is a component such as wings, verticals, strakes, canards,
horizontals, and ventrals. The distinction between types 3 and 4 is whether
the reference planform is based on the root-to-tip area (type 3), such as a
vertical or a ventral, or on the full trapezoidal area (type 4), as in a
wing or horizontal. .See figure 3-2. i

Each airfoil of a surface component must start and end at the leading
edge. They usually have two segments. If a surface has a blunt trailing
edge, segment two will be the trailing edge, and the lower surface will be
segment three. A surface with only one segment is permitted (see figure 3-
3) and can be used to represent a zero thickness camber plane.



Table 1. Component Symmetry Parameters.

Stored boundary

------ Generated by symmetry directive

Codes

r R

) 1 Non-reflective’ About aircraft
2 Reflective centerline

. P

r A -

) Asymmetric | About component
- Symmetric centerline

\ P

Reflective Asymmetric

- Code = 2
/ .
/ Example: Fuselage
\ ! Fuselage-Nacelles
\
\
\‘
Reflective Symmetric
o—— Code = -2
/' N ,I—
/ \ ’
! \ ] / , Example: Missiles
' / ' Podded Nacelles
\ , I \ :
\\-" ~
Aircraft Component
Non-reflective Asymmetric
Aircraft E _— = — — —— Code = 1
Example: Centerline Vertical
Reflective Asymmetric
e ——
Aircraft E Code = -2
- T = Example: Winglets or

Twin verticals
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Figure 3-1. Cross-section Segmentation.



TYPE 3 TYPE 4

Figure 3-2. Surface Components.
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Figure 3-3. Airfoil Segmentation.
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ANALYSIS

Interference Shell (Type 5)

This component is one of the special analysis constructions used in
APAS. It is required with a slender body to account for carryover loads
induced on the body by adjacent components. This construction is not
required if a flat plate simulation of a body is used.

Interference shells are constructed using the INTERFERENCE command.
They are one segment non-circular cylinders and are formed by use of
symmetry parameters or closing the construction on itself. By concatenating
two or more shells, figure 3-4, longitudinal variations in body cross
sections can be accommodated. Each shell section must have a contour point
where an adjacent surface attaches. An automatic tolerance matching
procedure is provided to make the connection. Multiple interference shells
are numbered consecutively from the associated body starting with the most
forward shell component. They do not have to follow the slender body mold
lines exactly and may penetrate the slender body.

Slender Bodies (Types 7 and 8

This component satisfies the subsonic-supersonic analysis requirement
of uniform cross-sectional point spacing and is used to simulate type 1 and
2 components. They are constructed using the SLENDER command. The merging
of major pieces can also be performed to develop a contiguous component.
Figure 3-5 illustrates typical cross-sections for centerline (type 7) and
offset (type 8) cases. Analysis simulation of the slender body uses sources
and sinks to represent the body, therefore control points approaching
control points must be avoided.

An interference shell must be constructed for each slender body except
for a body alone case.

Field points (Type 9

A specified array is used to define the locations at which off-body
flow conditions are desired. The CARD command is used to input up to 100
such points. Inlet analysis, missile drop simulations, etc. are typical
analysis problems which make use of this option.

NUMBERING

Component numbering is used to control the order in which components
are processed and the connectivity between components. It provides the user
with freedom in organizing configurations, but adds the responsibility to
exercise care in numbering components.

In general, components should be separated by category; i.e., bodies,
nacelles, wings, verticals, etc as indicated in table 2.
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Table 2. Component Numbering.

COMPONENT NUMBER ) COMPONENT TYPE

10.00 - 99.00 Bodies

100.00-199.00 Nacelles

200.00-299.00 Wings

300.00-399.00 Verticals

400.00-499.00 Horizontals/canards
500.00-599.00 Ventrals/fins

600.00-699.00 Slender body/interference shells
1000.0 External stores

9999.0 Maximﬁm component number

Each component can be assembled from up to 9 subcomponents numbered
within the same decade. The following examples are combinations which are
typical.

1. Forward Fuselage Mid Fuselage Aft Fuselage Pod
10.00 11.00 12.00 13.00
2. Inboard Wing Outboard Wing-
200.00 201.00
3. Slender Body Interference Shell
600.00 601.00

The rule for component combinations is to start the group on a multiple
of 10 (the values zero through nine not being wvalid). The most forward or
inboard subcomponent is placed first, followed by the next outboard, or aft
subcomponent. By following a logical numbering system, the user will find
managing his geometry file easier and also useable by others.

CONFIGURATIONS

A set of components comprising a complete vehicle definition for
analysis is defined as a configuration. A geometry file may contain more
than one configuration, and a given component may be used to assemble more
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than one arrangement. As an example, the file listing of figure 3-6
contains two configurations shown broken out to the right.

PERMANENT GEOMETRY FILE
NUMBER NAME CONFIGURATION 1
11.00 - FORWARD FUSELAGE 11.00 FORWARD FUSELAGE
12.00 AFT FUSELAGE . 12.00 AFT FUSELAGE
200.00 WING 37.16 SQ M 200.00 WING 37.16 sSQ M
210.00 WING 41.81 sSQ M 300.00 VERTICAL
300.00 VERTICAL 400.00 CANARD 9.29 sQ M
400.00 CANARD 9.29 SQ M 600.00 SLENDER BODY
410.00 CANARD 12.08 SQ M 601.00 INTER. SHELL
600.00 SLENDER BODY
601.00 INTER. SHELL
CONFIGURATION 2
11.00 FORWARD FUSELAGE
12.00 AFT FUSELAGE
210.00 WING 41.81 SQ M
300.00 VERTICAL
410.00 CANARD 12.08 sQ M
600.00 SLENDER BODY
601.00 INTER. SHELL

Figure 3-6. Two Configurations from a Single Geometry File.

C — 65A0XX
f
( 64A0XX
__/>
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< > 30-70 HEX
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Figure 3-7. TERMINAL Airfoil Sections Command.
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INPUT

Five avenues of geometry input are available for APAS. They are:
(1) keyboard entry of simple shapes using the TERMINAL command,
(2) digitizing arbitrary shapes from three-view configuration drawings using
the DIGIT command, (3) card image data of simple or arbitrary shapes defined
in accordance with appendix A and read in using the CARD command, (4)
permanent geometry file which has been created using APASIN procedure and
(5) permanent geometry file from a data base manager (such as GEOMOD, or
Rockwell’s IDAS, etec) which has an interface with APAS.

SIMPLE .
The TERMINAL command allows the user to define simple geometries by
typing basic descriptive parameters into the system.

Body components (types 1 and 2) are input by selecting control points
(e.g. pilot station, engine face, and base) and specifying the x-station,
cross-sectional area and the section width to height ratio. One segment
full ellipse, half ellipse, rectangular, and triangular contour options are
available.

Surface components (types 3 and 4) are input by defining aspect ratio,
area, taper ratio, sweep, and dihedral. The analyst then specifies the wing
section (five different types, figure 3-7) and the root and tip thickness
ratio.

The CARD command provides an alternate means of inputting simple
vehicle geometry. Components are constructed from similar type of data as
TERMINAL, except that the user has greater control of section locations and,
in the case of surfaces, upper and lower surface contours. A complete
description of CARD input is provided in appendix A.

ARBITRARY

Digitizing requires a limited amount of information keyed in by the
operator. The majority of the data is defined using a graphic tablet and
digitizing pen. A component is constructed by sequentially digitizing a
series of sections, starting from the nose and proceeding to the tail for a
body or from root to tip for a surface. Adding or replacing sections on an
existing component does not have an order restriction.

The following discussion is intended to provide a detailed example of
how to use the DIGIT command. Reference to the command dictionary in
section 6 will be helpful. The protess begins by choosing a reference point
for the body cross-section(s), which is usually taken as the configuration
fuselage reference line (FRL), figure 3-9. Offset components can be
digitized using a component reference line (CRL) and positioned relative to
" the configuration using the component origin, X0, YO, ZO. Entering the
reference point is step I in digitizing a body section. Step II digitizes
points around the section, starting at the top of the section and working
outboard around to the bottom of the section for a type 1 (centerline)
component or back to the top point for a type 2 (offset) component. Segment
joining points are specified (figure 3-8, section 1) by double point. If
more than two segments converge at one location (figure 3-8, section 2), a
point is entered for each segment. A total of five is required for this
case,
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At the end of each section digitizing, an entry from the keyboard is
required to end the section. If the user has made a mistake, he can enter
the letter R and carriage return, and the input will reset back to step I.
If the letter S is entered, the section ends normally, the section is
displayed on the screen, and the reference coordinates X0, YO and ZO are
printed. If the user enters the letter S, Y, or Z, the current X0, YO, and
20 from digitizing is printed on the screen, and the user has the option of
accepting these or entering his own values. This ends the section loop.
The user is asked to re-enter the section, enter a new section, or end the
component.

Surface definition has two levels of input complexity. The lowest is
based on the use of scaled airfoils from a 65A0XX default section or scaling
an input section for the surface. The user defines the planform by entering
a sequential set of section maximum-thickness ratios, origins, and chord
lines. This is a repeated four step process for the default or preselected
section and a seven step process for the digitized section option. The
basic (four-step) process is:

Step I: Enter maximum thickness (t/cmax) ratio from the keyboard. A
positive t/cmax will scale the default or previously input
section zero t/max or carriage return will return a section
of the same t/cmax. Negative t/cmax activates the airfoil
digitizer mode. The input section will be scaled to the
chord length input in steps III and IV. If the t/cmax of the
.digitized section differs from the absolute value keyed in by
more than 15 percent, the digitized thickness ratio is then
scaled such that t/cmax matches the keyed-in value. This
option allows the user to digitize standard airfoil sections.

Step II: After entering t/cmax, the tablet will be initialized, and
the user will enter the z or height location of the chord
line from the side view f the configuration drawing. (see)
figure 3-9)

Step III: The next point to enter on the chord line is the X-Y location
of the leading edge. This is entered from the top view on
the configuration drawing. This is wvisually straight
forward for a wing or horizontal. The points in steps III
and IV are also entered from the top view for a vertical
surface end. In this case, it is helpful to draw the
chordlines to be used in a vertical surface in the side view
then transfer the end points onto the top view for
digitizing. (See figure 3-9).

Step IV: The final point defines the chord length (trailing edge) of
the chord line. All surface chord lines run parallel to the
X-axis in APAS. The leading edge of a surface has been
arbitrarily selected to define the chord line reference
plane. :

This completes the surface section loop. In summary, step I enters
t/cmax, step II digitizes the Z leading edge, step III digitizes the X-Y
leading edge, and step IV digitizes the X trailing edge. This process is
sequentially repeated from the root to tip.
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If the t/cmax entered in step I is negative, three additional steps are
performed, and a true view of each airfoil' desired is required.- It ‘does not
have to be the same scale as the configuration drawing. A larger scale is
preferred for improved digitizing accuracy. The sections do not have to be
oriented on the tablet in any particular manner because steps V and VI will
define the true reference system of the airfoil.

Step V: Digitize the leading edge on the section reference line. (See
- figure 3-10, left side.) This point establishes the vertical
location of the section. It is also an axis point for

orienting the section in its true X-Z viewing space.

Step VI: Digitize the trailing edge point on the section reference
line. (See figure 3-10, right side.) This point locates the
axial trailing edge location for scaling the section chord to
match the chord line. It is also the second point for
orienting the section in its true viewing space.

STEP' V [
- c N

STEP VI

N——

S‘ v LINE

Figure 3-10. Airfoil Reference Line.

Step VII. Digitize the airfoil chordwise by starting at the leading
edge. At the trailing edge, a double point is entered (for a
two-segment surface) to indicate the segment brake between
the upper and lower surfaces. For a blunt trailing edge
(three-segment surface), a double point is entered at both
trailing edge points. If a blunt trailing edge ceases to
exist at a given section, a triple point is required to
indicate a null segment at the trailing edge. The user then
enters eight an R (to repeat steps V through II only) or an S
(to end the section normally) and carriage return from the
keyboard. The section thus entered becomes the default
section replacing whatever section was previously stored as
the default. This <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>